An expeditious, efficient, and ecofriendly ultrasound-promoted synthesis of a series of novel 1,1 -(aryl)bis(2-(cyclohexylamino)-2-oxoethane-1,1-diyl) di(alkanoate and benzoate) derivatives (6a-k), as useful building block candidates for natural products and drugs, is reported. The target compounds were prepared by the reaction of alkyl or aryl carboxylic acid, various bisaldehydes and isocyanocyclohexane in water using one-pot isocyanide-based multicomponent approach. This efficient protocol without using any catalyst furnished the products in short reaction times (4-5 min) and excellent yields (87-96%). The antibacterial activity of the selected products was also examined. Some products showed promising activities.
Introduction
Organic transformations in aqueous solvents are not new to organic chemists; the earliest example dated back to 1882 when Baeyer and Drewsen reported the synthesis of indigo in aqueous acetone [1] . Water possesses many unique physical and chemical properties, and considerable rate acceleration is often observed in reactions carried out under on water conditions over those in organic solvents [2, 3] . These specified properties are the consequence of the unique structure of water [4, 5] . Considerable efforts have been directed at understanding the physical nature of the rate acceleration of water-based reactions. Possible source of rate increase such as hydrophobic hydration offering more favorable environment for the transition state (TS) relative to the reactants enhanced H-bonding in the transition state compared to that in the reactants; high cohesive energy density of water and enforced hydrophobic interactions have been emphasized [6] . The use of water as a solvent for organic transformations offers several "green chemistry" benefits [7] . Other advantages of on water reactions include the safety and almost zero cost of water relative to organic solvents and the ease of product isolation. A significant example of an on water accelerated cycloaddition reaction between quadricyclane and dimethyl azodicarboxylate was described by Narayan and coworkers. This reaction took 10 min (on water) and 5 days (in toluene) to reach completion [8] . In addition to the rate acceleration or increase in yields, high stereo-and regioselectivity were also obtained for asymmetric aldol reactions and certain Diels-Alder reactions by performing emulsion reactions on water [6] .
On the other hand, MCRs are by far the most versatile reactions in terms of scaffolds and number of accessible compounds and have gained prominence with the advent of combinatorial chemistry and related library-synthesis strategies in the last two decades [9] [10] [11] [12] . In particular isocyanidebased multicomponent reactions (IMCRs) have been of particular interest due to their wide applications in the synthesis of natural products, lead compounds in the drug discovery 2 Journal of Chemistry process, and other targets of interest [13] [14] [15] [16] [17] [18] [19] . Among the isocyanide-based multicomponent reactions, the Passerini reaction is the most important one which incorporates every atom in the starting material in the product. Consequently, there is no intrinsic chemical waste associated with the reaction, therefore achieving 100% atom economy [20, 21] .
Recently, the use of ultrasonic irradiation as clean, green, and environmentally benign route to activate organic reactions has attained greater value, compared to conventional heating. It has been used for a wide variety of organic reactions, such as sterically congested Passerini reactions [22] , oxidations, reductions, cleavage of epoxides, multicomponent reactions, synthesis of ionic liquids, and N-heterocyclic compounds [23] [24] [25] .
In this report, we have used Passerini reaction for isocyanide-based multicomponent synthesis of novel 1,1 -(aryl) bis(2-(cyclohexylamino)-2-oxoethane-1,1-diyl) di(alkanoate and benzoate) derivatives under ultrasonic irradiation and without catalyst, performed on water under the conditions defined by Narayan and coworkers [3, 8] .
Experimental

General.
For the ultrasound reactions, ultrasound apparatus Astra 3D (9.5 L, 45 kHz frequency, input power with heating, 305 W, number of transducers, 2) from TECNO-GAZ was used. Melting points were measured on an Electrothermal 9100 apparatus. FT-IR spectra were determined on a Shimadzo FT-IR spectrometer.
1 H NMR and 13 C NMR spectra were recorded on a 400 or 500 MHz Bruker DRX-400 in CDCl 3 or DMSO-d 6 as solvent and TMS as an internal standard. Elemental analyses were done on a CarloErba EA1110 CNOS analyzer and agreed with the calculated values. Chemicals were purchased from Merck and Aldrich. All solvents used were dried and distilled according to the standard procedures.
Synthesis of 6a-k.
A mixture of alkyl and aryl carboxylic acid (5a-h) (1.0 mmol), cyclohexyl isocyanide (3) (1.0 mmol, 0.109 g), bisaldehydes (4a-c) (0.5 mmol), and H 2 O (5 mL) were placed into Pyrex glass open vessel and irradiated in a water bath under silent condition by ultrasound (45 kHz) at room temperature for the required reaction times. Initially the reaction occurred under heterogeneous condition, and the solid product thus formed was isolated by filtration, washed with 3 × 1 mL of 10% NaHCO 3 and 2 × 1 mL water, and dried under high vacuum. The product was recrystallized from ethanol to produce 1,1 -(aryl)bis(2-(cyclohexylamino)-2-oxoethane-1,1-diyl) di(alkanoate and benzoate) derivatives (6a-k) as pure crystalline products in 87-96% yields ( 
Determination of Antimicrobial Activity.
A sterilized glass tube (5 mm diameter) was used aseptically to make wells on plates. The antibacterial activity of compounds was assayed biologically using the agar well-diffusion method. A colony of each standard test organism was subcultured in order to obtain fresh bacteria on the nutrient agar plates at 37 ∘ C for 18 h. For preparation of suspensions of microorganisms (0.5 McFarland), one to two colonies from each plate were dissolved in isotonic saline solution. Then MuellerHinton agar (Merck) plates were prepared according to manufacturers' instructions in order to evaluate the antibacterial activities of compounds. The sterile Mueller-Hinton agar plates were inoculated with the bacteria. 0.01 gram of test samples was dissolved in 1 mL dimethyl sulfoxide (DMSO) to obtain a stock solution. A concentration of 1 mg/mL or 100 g/0.1 mL of each sample was prepared. 0.1 mL of prepared samples was dropped into each respective labeled well aseptically. The inoculated plates were left on the table for 1 h to allow each sample to diffuse into the agar. For comparison, gentamycin was used as a positive control and DMSO as a negative control. Test organism growth may be affected by the inhibitory action of the test compound, and so a clear zone around the disc appeared as an indication of the inhibition of the test organism growth. The results of our tests were presented as the inhibition zones, given in millimeters (mm). Measurements were obtained after 24 h for bacteria.
Results and Discussion
In recent years due to emergence of green chemistry, removing organic solvents has become an important factor towards developing benign chemical technologies due to their high toxicity [26] . As a result, organic reactions in aqueous media have gained high priority in view of green methodology and have been regularly reviewed in the literature [3, [27] [28] [29] [30] [31] [32] .
We verified the effect of various solvents on the efficiency of the reaction by using synthesis of 6a as model reaction. The reaction proceeded best under aqueous condition as shown in Table 1 , and none of the conventional organic solvents such as CH 3 CN, 1,4-dioxane, CH 2 Cl 2 , and DMF proved satisfactory, and this may be due to unique properties of water.
In continuation of our efforts for developing benign synthetic methodologies for the production of various biologically important products [33] [34] [35] [36] , we wish to report -G e n t a m y c i n ---1 6 2 0 1 9 
Scheme 1: Synthesis of 1,1 -(aryl)bis(2-(cyclohexylamino)-2-oxoethane-1,1-diyl) di(alkanoate and benzoate) derivatives.
a versatile and efficient isocyanide-based multicomponent one-pot synthesis of 1,1 -(aryl)bis(2-(cyclohexylamino)-2-oxoethane-1,1-diyl) di(alkanoate and benzoate) derivatives (6a-k) utilizing the reaction of alkyl and aryl carboxylic acids (5a-h) (1 mmol), isocyanocyclohexane (3) (1 mmol), and bisaldehydes (4a-c) (0.5 mmol) (Figure 1 ) in water under ultrasonic irradiation (Scheme 1). This rapid method produced the products in short reaction times (4-5 min) and excellent yields (87-96%) ( Table 2 ). The structures of the products were deduced from their elemental analyses and spectroscopic data. In this study, because of the presence of the chiral carbon in the molecules, despite the symmetry of the molecules, in the 13 C NMR spectrum, a number of cyclohexyl carbons appeared as two distinct peaks at the region of 24-33 ppm. It is worth noting that 1 H NMR and FT-IR spectra as well as elemental analysis all confirmed the structure of the 1,1 -(aryl)bis(2-(cyclohexylamino)-2-oxoethane-1,1-diyl) di(alkanoate and benzoate) derivatives (6a-k).
A plausible mechanism for the formation of the products (6a-k) can be visualized in Scheme 2.
The in vitro antibacterial activities of compounds 6a-k were evaluated against gram-positive and gram-negative bacteria using the cultures of three different standard microorganisms: Acinetobacter calcoaceticus ATCC 23055 and Pseudomonas aeruginosa ATCC 9027 as gram-negative models and Bacillus subtilis ATCC 6633 as a gram-positive model. Compounds 6a-c and 6h-j exhibited good antibacterial activity against Pseudomonas aeruginosa that may be due to the incorporation of amide and carbonyl groups. Also the results indicate that compounds 6a, 6b, 6d, 6j, and 6k have moderate and 6f hasa good growth-inhibiting activity against Bacillus subtilis. Among these substances, 6a-c, 6g, and 6k show low growth-inhibiting effects on Acinetobacter calcoaceticus. The results are shown in Table 2 .
Conclusions
In summary, we have developed an expeditious and efficient protocol for the synthesis of novel 1,1 -(aryl)bis(2-(cyclohexylamino)-2-oxoethane-1,1-diyl) di(alkanoate and benzoate) derivatives (6a-k) via the reaction of alkyl and aryl carboxylic acids, various bisaldehydes, and isocyanocyclohexane in water under ultrasonic irradiation using onepot three-component approach. The reaction gives excellent yields (87-96%) of the products in short reaction times (4-5 min). The reaction is clean and highly expeditious, involves water as the green solvent, and occurs at ambient conditions. The protocol does not involve the use of catalyst and tedious workup procedure and thus is an environmentally friendly process. Some of the compounds prepared as part of this study exhibited good antibacterial activity against Pseudomonas aeruginosa.
